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ABSTRACT 


Permanent plots were established in the Greater 
Yellowstone Area (GYA) following the 1988 fires to 
determine response of bark beetles to fire-injured 
conifers. Within 2 years (1989 and 1990), 67 percent 
of the Douglas-fir had been infested by bark beetles 
(primarily the Douglas-fir beetle) and wood borers; 
44 percent of the lodgepole pine were infested (prima- 
rily by the pine engraver); 82 percent of the Engel- 
mann spruce were infested (mostly by spruce beetle); 
and 71 percent of the subalpine fir were infested 
(mostly by wood borers). Bark beetle infestation 
usually occurred in trees having 50 percent or more 
basal girdling by fire. However, uninjured Douglas- 
fir also had 46 percent of the trees infested in 1990. 
The large proportion of uninjured Douglas-fir that 
was infested by Douglas-fir beetle in 1990 suggests 
infestation will increase in unburned portions of the 
GYA. Of the trees that died, a fire-injury model 
correctly predicted death for one-half of the Douglas- 
fir and two-thirds of the lodgepole pine, but all of the 
Engelmann spruce and subalpine fir. 
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Survival of conifers following fire depends on the 
type and degree of injuries sustained, initial tree 
vigor, and the postfire environment, including 
weather and insect and disease population dynam- 
ics (Ryan 1982, 1990). As fire injuries increase, the 
probability of tree death increases. Numerous 
authors (compare Peterson 1985; Peterson and 
Arbaugh 1986, 1989; Ryan 1990; Ryan and others 
1988) have identified the proportion of crown killed 
as the key injury contributing to death of most 
trees, but injuries to bole cambium or roots or both 
may dominate in some cases (Ferguson and others 
1960; Ryan and others 1988; Ryan and Reinhardt 
1988). Resistance to cambium injury increases with 
the square of the bark thickness (compare Martin 
1963; Peterson and Ryan 1986), which in turn 
increases approximately linearly with diameter 
(Ryan and Reinhardt 1988). Multiple injuries are 
common and increase the likelihood of death 
(Furniss 1965; Ryan 1990; Ryan and others 1988; 
Wagener 1961). Mortality resulting from crown kill 
is often apparent by the end of the first growing 
season following fire, while death resulting from 
bole and root injury often does not become apparent 
before the second growing season (Ferguson and 
others 1960; Ryan and others 1988; Ryan and 
Frandsen 1991). 

Bark beetles and wood borers are frequently 
associated with tree mortality following fire. How- 
ever, it is difficult to adequately assess fire injuries, 
particularly to the bole and roots. In the absence of 
significant bole or root injuries, the probability of 
attack by primary bark beetles is initially low with 
light defoliation, increases with moderate to heavy 
defoliation, and often declines with complete defolia- 
tion (Furniss 1965; Miller and Keen 1960; Mitchell 
and Martin 1980; Wagener 1961). Bark beetles also 
attack trees with cambium injury but are thought to 
contribute little to mortality, except in conjunction 
with defoliation or when a large proportion of the 


circumference is killed (Ferguson and others 1960; 
Ryan and Frandsen 1991; Wagener 1961). Second- 
ary bark beetles (those commonly attracted to 
severely weakened or recently killed trees, as 
opposed to primary bark beetles that can infest and 
kill healthy trees) and wood borers are commonly 
attracted to burned trees, but their contribution to 
mortality, while thought to be minor (Mitchell and 
Martin 1980), is largely unknown. 

Ryan and others (1988) reexamined conifers 
8 years after burning and demonstrated the impor- 
tance of bole injury in predicting survival. Percent- 
age crown scorch, degree of cambium injury, and 
diameter were the best predictors of survival for 
those trees. Wyant and others (1986) also found 
that percentage of crown scorch and tree diameter 
were the best predictors of Douglas-fir survival. 
Peterson and Arbaugh (1986) found percentage 
crown scorched and percentage basal circumference 
scorched were the best predictors of lodgepole pine 
survival in the Northern Rocky Mountains. They 
showed crown scorch and the level of insect attack 
were most important as predictors of survival of 
Douglas-fir. However, they did not identify the 
insects causing tree mortality. In contrast, Peterson 
and Arbaugh (1989) observed that insect attack was 
not a significant variable in predicting the fate of 
fire-injured Douglas-fir in the Cascade Mountains, 
possibly because insect populations were low. 

Several recent studies have modeled postfire 
survival of Northern Rocky Mountain conifers. 
Ryan and Reinhardt (1988) modeled postfire sur- 
vival of seven Northern Rocky Mountain conifer 
species. They used percentage crown scorch as the 
only injury variable, and bark thickness, calculated 


from species and diameter and used as a measure 
of resistance to cambium injury, to predict the fate 
of burned trees. Bevins (1980) modeled postfire 
survival of Douglas-fir 1 year after burning using 
tree diameter and scorch height as predictive 
variables. 

Although our understanding of fire-caused mortal- 
ity has improved and application models have been 
developed for predicting the fate of fire-scorched 
conifers in the Northern Rocky Mountains, the 
relationship of insects to fire injury is still not well 
understood. In the aforementioned studies, insects 
attacked trees to varying degrees, but their contri- 
bution to mortality and host/insect species relation- 
ships was not determined. The degree to which 
fire-injured trees lead to a buildup of populations 
capable of attacking nearby unburned trees also has 
not been determined for most species. Therefore, 
studies were started in the Greater Yellowstone 
Area (GYA) in 1989 following the large fires that 
occurred in 1988 to determine (1) rate of bark beetle 
infestation of fire-injured trees; (2) change in infes- 
tation behavior from fire-injured to uninjured trees; 
and (3) bark beetle and wood borer infestation in 
relation to degree of individual tree injury. 

Forest fires in the Greater Yellowstone Area 
(which consists of Yellowstone National Park and 
adjacent lands) severely charred millions of trees, 
instantly killing them. Countless others were 
defoliated, girdled, or partially girdled by heat 
(fig. 1). Fire-killed and injured trees provide infes- 
tation opportunity to bark beetles and wood-boring 
insects (Fellin 1980; Furniss and Carolin 1977) 
when populations exist in the vicinity of the fires. 


Figure 1—Trees girdled or par- 
tially girdled by heat in 1988, 
Yellowstone National Park. 


Bark beetle surveys in the GYA suggest that all 
species were at low population levels at the time of 
the 1988 fires, with the exception of the Douglas-fir 
beetle (Dendroctonus pseudotsugae Hopkins) (DFB). 
The massive infestations of mountain pine beetle 
(D. ponderosae Hopkins) (MPB) that covered over 
965,000 acres in Yellowstone Park in 1982 had 
declined to only 310 acres by 1986 (Gibson and 
Oakes 1987) and to no infested trees in 1987 
(Gibson and Oakes 1988). In the nearby Bridger- 
Teton National Forest, MPB infestation declined 
from 3,224 trees in 1987 to 890 trees in 1988 
(Knapp and others 1988). 

Although no survey estimates are available for 
other bark beetle species in Yellowstone Park, sur- 
veys of adjacent areas showed only the DFB was 
increasing, whereas spruce beetle (D. rufipennis 
Kirby) (SB) infestation was light (Knapp and others 
1988) and pine engraver (Ips pini Say) populations 
had declined (Gibson and Oakes 1989). 


METHODS 


Canopy fires that caused complete defoliation 
usually resulted in complete burning or severe 
scorching of the inner bark, especially in thin- 
barked species, so that trees with this type of injury 
were no longer suitable for bark beetle infestation 
(Amman in press). As a result, our sampling 
focused on areas where canopy fires did not occur 
and in adjacent unburned forests. Observations 
were made in GYA areas covered by four fires 
(fig. 2): (1) North Fork Fire—Bunsen Peak and 
Madison River; (2) Snake River Fire—Grant Village; 
(3) Huck Fire—Rockefeller Memorial Parkway; and 
(4) the Hunter Fire—Ditch Creek, about 35 miles 
south of Yellowstone Park. In each area, variable 
plots (10 ft?/acre basal area factor) were established 
in 1989, with five additional plots established in 
1990. Plots were mostly at low elevations between 
6,725 and 8,000 feet; therefore, trees consisted 
mostly of lodgepole pine and Douglas-fir. Trees 
were classified alive or dead, based on the presence 
or absence of living foliage and the percentage of 
basal circumference girdled by fire. Mortality by 
year (1988 to 1990) could still be determined in 
1990. Individual trees within the plots were perma- 
nently marked in order to follow survival for several 
years, except in the heavily used Madison River 
area. Because of the possibility of tags being 
removed by park visitors, successive observations 
were made by comparing tree diameter and location 
in the Madison River plots. 

Observations included tree species, diameter at 
breast height (d.b.h.), degree of fire injury, presence 
of insect attack, and insect species. Tree injury was 
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Figure 2—Study plot locations in Yellowstone 
National Park and vicinity: (1) Bunsen Peak, 
(2) Madison River, (3) Grant Village, (4) 
Rockefeller Memorial Parkway, (5) Ditch 
Creek. 


measured as the percentage of basal circumference 
in which the cambium was killed, and percentage 
crown scorch. Cambium injury was determined by 
removing small sections of bark and visually inspec- 
ting tissues. Crown scorch was ocularly assessed 
and expressed as the percentage of the prefire 
crown volume killed. Boring frass expelled from the 
bark was the usual sign of insect infestation. Some 
bark was removed from trees infested by insects so 
that insects could be identified. All insect observa- 
tions were made on the lower 7 feet of the trees. 


- Insects attacking trees were classified according to 


whether they were primary or secondary bark 
beetles, wood borers, or other insects. The prelimi- 
nary observations of tree mortality also were 
compared to mortality predicted by the Ryan and 
Reinhardt model (1988). 


RESULTS AND DISCUSSION 


The small populations of bark beetles in the GYA, 
coupled with timing of the fires (July to September) 
in relation to life cycles of bark- and wood-infesting 
beetles, resulted in no fire-injured trees in our 
sample being infested in 1988. The SB, DFB, and 
pine engraver emerge to infest new material in the 
spring, prior to occurrence of the 1988 fires. The 
MPB emerges in late July and early August, but few 
were in the GYA. 

Insects infesting trees in 1989 and 1990 ranged 
from the aggressive Dendroctonus (capable of 
infesting and killing trees) to the nonaggressive 
wood borers (capable of infesting only severely 
weakened and dead trees) (table 1). 


Lodgepole Pine 


Lodgepole pine (Pinus contorta var. latifolia 
Engelmann) is the most abundant tree in the 
samples. In 1989, 24 percent of the 147 lodgepole 
were infested by insects, increasing to 44 percent in 
1990 (fig. 3). The pine engraver accounted for most 
of this infestation (71 percent of infested trees). Of 
the trees infested, only 5 percent had not been 
scorched by fire. Most commonly, trees infested by 
the pine engraver had greater than 80 percent basal 
girdling by fire (fig. 4). Many of these trees showed 
little evidence of scorch and looked healthy except 
for boring frass made by the beetles. However, upon 
closer inspection, the trees were completely girdled 
at the base by a light ground fire. Based on the 
1990 survey data, 49 percent of the original trees 
(infested and uninfested) were classified dead 
(table 2). Observed mortality is about two-thirds 
of that predicted by Ryan and Reinhardt (1988). It 
often takes in excess of 2 years for all foliage to die 


on trees that are completely girdled at the base. 
Given the slow rate of death associated with basal 
girdling and the current level of insect activity, 
additional mortality is expected. Dead trees were 
somewhat (but not significantly) smaller than live 
trees (d.b.h. = 8.9 inches vs. 10.3 inches). Given the 
extremely low bark thickness to diameter ratio for 
lodgepole (compare Ryan and Reinhardt 1988), it is 
not surprising that tree diameter was not signifi- 
cantly different between alive and fire-killed lodge- 
pole pine. 

The large number of trees infested by pine en- 
graver was not surprising because these beetles are 
able to reproduce in wind-broken material (includ- 
ing large branches) and in decadent trees near 
death (Sartwell and others 1971). Mature forests 
always seem to have plenty of such material avail- 
able. Although not causing noticeable tree mortal- 
ity in 1988, the engraver was present in sufficient 
numbers to infest many fire-injured lodgepole pine 
in the spring of 1989. 

The mountain pine beetle was observed in only 
seven trees, all in the Hunter Fire on the Bridger- 
Teton National Forest. MPB was mixed with pine 
engraver and the twig beetle (Pityophthorous 
confertus Say) in these trees, a common occurrence 
when MPB populations are at a low level (Schmitz 
1988). 

Observations over the years suggest that MPB is 
not strongly attracted to fire-scorched trees, so few 
trees probably would have been infested even if 
larger populations of MPB had been present in the 
GYA. MPB seldom breeds in trees injured or killed 
by fire in numbers sufficient to cause an increase 
in the population (Mitchell and Sartwell 1974). 
Hopkins (1905) found no MPB in fire-injured pon- 
derosa pine in the Manitou Park area of Colorado. 
Blackman (1931), working on the Kaibab National 


Table 1—Bark beetles and wood borers infesting trees in the Greater Yellowstone Area following the 1988 fires 


Bark beetles 


Host Primary Secondary Borers Other 
Lodgepole pine Dendroctonus ponderosae Ips pini Buprestidae Trypodendron sp. 
Dendroctonus valens Cerambycidae Hylurgops sp. 
Pityophthorus confertus Hylastes sp. 
Pityogenes knechteli 
Douglas-fir Dendroctonus pseudotsugae Pseudohylesinus sp. Buprestidae 
Cerambycidae 
Engelmann spruce Dendroctonus rufipennis Ips pilifrons Buprestidae Siricidae 
Scierus sp. Cerambycidae Trypodendron sp. 
Subalpine fir Buprestidae 


Cerambycidae 


Lodgepole Pine (Pinus contorta) 


Lodgepole Pine (Pinus contorta) 
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Figure 4—Percentage of lodgepole pine in- 
fested primarily by Ips piniin relation to basal 
circumference girdled by fire. Total number of 
trees in the class appears on top of each bar. 


Figure 3—Percentage of lodgepole pine 
infested primarily by [ps pini following the 
Greater Yellowstone Area fires. 


Table 2—Number of plots installed by year, species distribution, total number of trees, proportion infested by insects, and 
proportion killed by fire but uninfested 


fetes DA SSRN pee AA OBISPOCIOS. (hina rie OSI te 
_Pinus contorta____ Picea engelmannii_ Pseudotsuga menziesii 
Plots/year Killed, Killed, Killed, Killed, 


Fire 1989 1990 Infested uninfested Infested uninfested Infested uninfested Infested uninfested 
ence ere eee eee eee eee Number/proportion - - -------------------------- 
North Fork 3 4 — _ 6/0.00 /0.00 — a 95/0.49 /0.10 
Snake 0 1 =~ — 12/0.50 /0.00 — — — — 
Hunter if 0 8/0.50 /0.50 54/0.58 /0.15 15/0.87 /0.00 4/0.25 /0.00 
Huck 9 0 9/0.89 /0.11 75/0.36 /0.00 2/0.50 /0.50 26/0.85 /0.04 
Total 19 5 17/0.71 /0.29 147/0.44 /0.05 17/0.82 /0.06 125/0.67 /0.04 


Forest in northern Arizona, found MPB were not 
attracted to fire-scorched trees. He thought the 
scorched phloem did not offer favorable conditions 
for beetle offspring. Geiszler and others (1984) 
observed MPB mostly in trees uninjured or lightly 
injured by fire, in contrast to pine engraver that 
occurred in moderately to heavily injured trees. 
Rust (1933) reported fire-injured ponderosa pine 
were infested by MPB the first year following a fire 
in northern Idaho; however, the infestation declined 
the next year. 

The wood borers, both Buprestidae and Ceram- 
bycidae, were found occasionally in fire-injured 
lodgepole pine. 


Douglas-fir 


Douglas-fir (Pseudotsugae menziesii [Mirb.] 
Franco) was the second most common tree found 


on the plots. To date, 71 percent of the Douglas-fir 
(both infested and uninfested) have died—over twice 
as many as predicted by Ryan and Reinhardt’s 
(1988) model. In thick-barked species, a strong 
negative relationship between diameter and mortal- 
ity is normally expected in the absence of severe 
crown scorch (Ryan and Reinhardt 1988; Ryan 
1990). Contrary to expectation, dead trees were not 
significantly smaller than those still alive. A pos- 
sible explanation is that Douglas-fir tends to have 
large lateral roots near the soil surface that are 
often injured by ground fires (Ryan and others 
1988). Thus, unmeasured root injury may have 
contributed to the higher-than-expected mortality. 
However, because several of the dead Douglas-firs 
received minimal heating, insects appear to be 
responsible for part of the additional mortality. 

Of the 125 Douglas-fir examined, 26 percent were 
infested by insects in 1989, mostly DFB (58 percent 


of infested trees) and a few wood borer larvae of 
both Buprestidae and Cerambycidae. Most infested 
Douglas-fir in 1989 had 50 percent or more stem 
girdling by fire (Amman in press). In 1990, infested 
trees increased to 67 percent of the total (fig. 5), 
and most of these had 20 percent or more stem 
girdling. In addition, the number of uninjured trees 
infested by DFB increased dramatically in 1990, 
when 46 percent of the 55 trees in this category 
were infested (fig. 6). In 1989, some Douglas-firs 
that had needles and limbs completely burned were 
infested by DFB in the base where the bark was 
thick enough to protect the phloem from direct fire 
injury or from drying so excessively that beetles 
would not construct egg galleries in it. In 1990, 
DFB infested most of the remaining live trees on 
the Madison River plots, even though many of these 
trees would have survived the fire injury. DFB also 
infested many trees at this site that were not sub- 
jected to fire injury, indicating that DFB increased 
populations in fire-injured trees and readily spread 
to uninjured trees. Given the current level of insect 
activity, additional Douglas-fir mortality is expected 
in 1991. 

This appears to be somewhat contrary to observa- 
tions by Malcolm Furniss (1965), who found DFB 
infested 88 percent of fire-injured Douglas-fir fol- 
lowing a fire in Idaho, but brood survival was low 
because of pitch invasion of galleries and sour sap 
condition. He did not report any infestation after 
the first postfire year. However, Robert Furniss 
(1941) observed DFB buildup in Douglas-fir in 
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Figure 5—Percentage of Douglas-fir infested 
primarily by Douglas-fir beetle following the 
Greater Yellowstone Area fires. 


Oregon following a fire in 1933. Beetles subse- 
quently killed large numbers of uninjured trees in 
1935 and 1936. Furniss thought DFB were able to 
increase because frequent fires in the area provided 
large numbers of injured trees for successive gen- 
erations, thus allowing the beetles to increase. 


Engelmann Spruce 


Engelmann spruce (Picea engelmannii Parry) 
constituted a small part of our tree sample, with 
only 17 trees examined. Currently, spruce mortality 
is 88 percent—close to that predicted by Ryan and 
Reinhardt (1988). As expected for a thin-barked 
species, mortality did not vary by tree diameter. 
Insects infested 65 percent of the trees in 1989, 
increasing to 82 percent in 1990 (fig. 7). Of the in- 
fested spruce, SB was in 50 percent of them. All 
infested spruce except one had 81 percent or 
greater basal girdling by fire. Observations of 
spruce not on our plots showed the duff around 
the base resulted in a slow-burning fire that often 
burned off the roots or so weakened them that some 
trees were easily blown over by wind. Windthrown 
spruce with unscorched trunks created an ideal 
habitat for the SB, which shows a strong preference 
for windthrown trees (Schmid and Hinds 1974). 
The small additional infestation that occurred in 
1990 is probably because the spruce beetle has a 
2-year cycle in the area. Additional mortality is 
expected when beetles from trees infested in 1989 
emerge in 1991. 


Douglas-fir (Pseudotsuga menziesii) 
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Figure 6—Percentage of Douglas-fir infested 
primarily by Douglas-fir beetle in relation to 
basal circumference girdled by fire. Total 
number of trees in the class appears on top 
of each bar. 


Subalpine Fir 


Subalpine fir (Abies lasiocarpa [Hook.] Nutt.) is 
noted for its lack of fire resistance, primarily be- 
cause of its thin bark. Virtually any fire vigorous 
enough to burn on all sides of the tree will cause 
girdling, followed by sloughing of the dead bark. All 
17 subalpine firs died following the fires. Ryan and 
Reinhardt’s (1988) model accurately predicted the 
fate of these trees. Wood borers (Buprestidae and 
Cerambycidae) infested 35 percent of the subalpine 
fir in the sample in 1989 (fig. 8). Infestation in- 
creased to 71 percent in 1990. All of the trees had 
suffered 81 percent or greater basal girdling by fire; 
most of the bark was badly burned and not condu- 
cive to bark beetle infestation. Borer infestation 
was limited to bark that remained tightly attached 
to the wood. 


CONCLUSIONS 


The 1988 fires in the Greater Yellowstone Area 
killed many trees outright. Many more were sub- 
jected to sublethal injuries resulting in increased 
susceptibility to insect attack. Still other trees 
escaped fire injury but are exposed to the spread 
of insect attack from nearby injured trees. Because 
it is often difficult to adequately assess all fire 
injuries, the extent to which insects are primary 
contributors to death (as opposed to being opportun- 
ists attacking mortally injured trees) is often 
unclear. Additional research is needed to focus on 


Engelmann spruce (Picea engelmannii) 
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Figure 7—Percentage of Engelmann spruce 
infested primarily by spruce beetle following 
the Greater Yellowstone Area fires. 


the physiological responses of fire-injured trees and 
their relationships with insect ecology. 

Although our sample of trees is small when the 
total number of trees in the GYA is considered, 
these observations suggest an increasing trend for 
bark beetle infestation of both fire-injured and 
uninjured trees for 1991 and probably beyond. 
Preliminary indications are that existing models for 
predicting fire-caused mortality of these species 
should be used with caution following wildfires, 
particularly in areas of uneven burning near the 
edges of more severely burned forests. 
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Figure 8—Percentage of subalpine fir infested 
by wood borers following the Greater 
Yellowstone Area fires. 
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INTERMOUNTAIN 
RESEARCH STATION 


The Intermountain Research Station provides scientific knowledge and technology to im- 
prove management, protection, and use of the forests and rangelands of the Intermountain 
West. Research is designed to meet the needs of National Forest managers, Federal and 
State agencies, industry, academic institutions, public and private organizations, and individu- 
als. Results of research are made available through publications, symposia, workshops, 
training sessions, and personal contacts. 

The Intermountain Research Station territory includes Montana, Idaho, Utah, Nevada, and 
western Wyoming. Eighty-five percent of the lands in the Station area, about 231 million 
acres, are Classified as forest or rangeland. They include grasslands, deserts, shrublands, 
alpine areas, and forests. They provide fiber for forest industries, minerals and fossil fuels for 
energy and industrial development, water for domestic and industrial consumption, forage for 
livestock and wildlife, and recreation opportunities for millions of visitors. 

Several Station units conduct research in additional western States, or have missions that 
are national or international in scope. 

Station laboratories are located in: 


Boise, Idaho 

Bozeman, Montana (in cooperation with Montana State University) 

Logan, Utah (in cooperation with Utah State University) 

Missoula, Montana (in cooperation with the University of Montana) 

Moscow, Idaho (in cooperation with the University of Idaho) 

Ogden, Utah > 

Provo, Utah (in cooperation with Brigham Young University) 

Reno, Nevada (in cooperation with the University of Nevada) 

USDA policy prohibits discrimination because of race, color, national origin, sex, age, reli- 
gion, or handicapping condition. Any person who believes he or she has been discriminated 


against in any USDA-related activity should immediately contact the Secretary of Agriculture, 
Washington, DC 20250. 


